Engineering Case Library 



ECL-258 



THE MAGNET IC FUSION ENERGY 
ENGINEERING ACT OF 1980 



An exploration of the key technical and political decisions 
affecting federal funding for the development of fusion 
technology. The role of technical experts in the decision 
process is highlighted. 




Anthony Flores 



Washington Internships for Students of Engineering (WISE) Program 



ECL- 

6 Educating 

A Prospective 
Engineers for 
Public 
Policy 



THE MAGNETIC FUSION ENERGY 
ENGINEERING ACT OF 198 0 



by 

Anthony Flores 
July, 1983 



Prepared as part of the 1981 Washington Internships for 
Students of Engineering (WISE) Program under the supervision 
of Dr. Paul Craig 2 , 1981 WISE Faculty-Member-in-Residence . 
Modified and edited by Barry Hyman. 3 This work was supported 
by NSF Grant SED 7918984. All opinions presented are those 
of the authors and do not in any way represent those of NSF , 
the author's institution, or other individuals or institutions 
referred to in the text. 



Civil Engineering Student, Marquette University. 

Professor of Applied Science, University of California - 
Davis . 



Associate Professor, Program in Social Management of 
Technology, University of Washington. 



ECL-258A 



TABLE OF CONTENTS 

Page 



INTRODUCTION 2 

The Fusion Process 2 

PART A: A BRIEF HISTORY OF THE FUSION PROGRAM 4 

Early Optimism Shaken 4 

Signs of Progress 4 

Shift in Management Strategy 5 

D-T or not D-T 6 

President Carter De-Emphasizes Fusion 7 

PART B: MIKE MCCORMACK TO THE RESCUE 9 

Laying the Groundwork 9 

Legislative Action 9 

Exhibit B-l , Exchange of Correspondence on 
Magnetic Fusion between the Fusion Advisory 
Panel, Congressman McCormack, and DOE Under- 
secretary Deutch 11 

Exhibit B-2 , Excerpts from December 1979 
Hearings of House Science and Technology 
Committee on Magnetic Fusion 14 

Exhibit B~3 , Recommendations of the Fusion 
Advisory Panel Regarding the Proposed Engin- 
eering Test Facility 19 

Exhibit B-4 , Congressman McCormack 1 s Bill as 
Approved by the House Science and Technology 
Committee 21 

Exhibit B-5 , Report of the Fusion Review Panel 

of the Energy Research Advisory Board 26 

PART C: THE SENATE FOLLOWS SUIT 29 

The Senate's Technical Expert 29 

The Politics of Fusion 30 

Exhibit C-l , Excerpts from Senate Hearings on 

S.2926 and H.R. 6308 31 

Exhibit C-2, Public Law 96-386 39 



2 



ECL-258A 

INTRODUCTION 

Realization that humans need essentially inexhaustible 
energy sources is becoming increasingly apparent. Energy 
prices seemingly rise continually. We see this directly 
as increased energy costs and indirectly in the increased 
cost of all other services and processed goods that require 
energy. Coal and conventional nuclear fission resources 
can contribute in the near and mid-term, but the hope for 
supplying the bulk of mankind's energy needs rests in the 
development of inexhaustible energy sources. There are 
only four of these: solar, geothermal, fission-fuel breeders, 
and fusion. 

While experts may disagree on which of these alterna- 
tives have more potential than others, each will probably 
be developed to the point where its potential across the 
full range of applications is known. This case examines the 
fusion option, with particular focus on aspects of the 
government's role in development of fusion's potential. In 
the remainder of this section, we provide a short introduction 
to fusion. The rest of this case is devoted to a history of 
the federal government's fusion program, with sprinklings of 
both technological and policy advances, culminating in a 
description of the events surrounding enactment by Congress 
of the Magnetic Energy Fusion Engineering Act of 1980. These 
latter parts of the case provide good insights into the manner 
in which the government receives advice from technical experts, 
and the influential role that a few key people can have on 
the legislative process. 

The Fusion Process 

When a gas consisting of light elements is raised to a 
high enough temperature and contained long enough, fusion 
reactions occur between nuclei as they collide. As the 
nuclei fuse, new elements are formed with a total mass less 
than the total mass of the original nuclei. Therefore, 
energy is released in proportion to Einstein's equation: 
E = mc 2 where E is the liberated energy, m is the lost mass, 
and c is the velocity of light. Of the many possible fusion 
reactions, the one involving deuterium and tritium, the two 
heavy isotopes of hydrogen, has the most favorable energy 
balance . 

Deuterium can be economically seperated fifrom water. It is 
theretore truly inexhaustible and readily available to all 
nations. Because tritium is beta radioactive with a half 
life of 12.26 years, it does not occur in nature in significant 
quantity. However, tritium is readily produced by neutron 
bombardment of lithium, a fairly abundant resource. 
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Deuterium-tritium (D-T) fusion requires that the reacting 
gas be contained at a temperature on the order of 10 8ok. At such 
temperatures, hydrogen nuclei are separated from their electrons. 
This 4th state of matter, consisting of free electrons and 
positive ions, is called a plasma. 

In addition to a requirement for high temperature, plasma 
must be confined long enough, at sufficient density, for a 
significant number of reactions to occur. Otherwise, the total 
energy released from fusion will be less that the energy required 
to create the high temperature in the first place. This condition 
is usually expressed as the product of the particle density n, and 
the confinement time, 7? . This product nf, must exceed approx- 
imately 1014 particle-sec/cm3 while the plasma is being maintained 
at the required temperature. 

The achievement of these temperature and confinement (nT) 
thresholds is known as the Lawson Criterion for scientific break- 
even. Even higher temperatures and greater confinement are 
required for actual ignition of the plasma so that the reactions 
are self-sustaining and no external heating is required. 

Extremely strong magnets are used to confine the hot plasma 
and prevent it from coming in contact with the walls of the 
reactor. There are at present two major magnetic confinement 
concepts: the mirror and the torus. There are also other 
concepts that show promise in magnetic fusion, some of which 
combine the assets of both mirrors and torii. For the time 
being, the most advanced confinement scheme is the tokamak, a 
variation of the torus concept. 

Inertial confinement is another method of confinement being 
pursued for commercial fusion. Presently, however, most inertia 
confinement work is done for military applications and the 
commercial applications program for inertial confinement is far 
behind the magnetic confinement program. 
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PART A: A BRIEF HISTORY OF THE FUSION PROGRAM 



The IK S. Government's involvement with fusion began 
in 1951-52 as a classified program at three different federal 
laboratories with three different approaches. They were the 
Z-pinch at Los Alamos Scientific Laboratory , the Mirror at 
Lawrence Livermore Laboratory, and the Stellarator at Princeton 
Plasma Physics Laboratory. Although these concepts were 
different, they all relied on magnetic confinement. 

Early Optimism Shaken 

As the data from preliminary small-scale experiments were 
coming in during the mid 50 f s, researchers were increasingly 
optimistic about future development of the technology. The 
preliminary density and heating results looked favorable, 
and efforts were then directed towards achieving short-term 
technological advances with existing devices, rather than 
concentrating on building a stronger scientific data base. 
Researchers were estimating that feasibility of confinement 
could be demonstrated within ten years at the relatively modest 
cost of several million dollars. 

But the bottom fell out in the late 50' s and early 60 f s. 
.Scientists began to realize that successes were illusory and 
based on incomplete analysis. Also, when the U.S., U.S.S.R., 
and U.K. agreed to declassify their fusion data, it was discovered 
that no one else was doing any better. 

Once the fusion community realized its problems it returned 
to basic research in the 60 f s. During this period there were 
some moderate successes but things moved very slowly. Enthusiasm 
waned as more and more instabilities were identified and found 
capable of destroying confinement. It was a "dark age" for 
magnetic confinement fusion. 

Signs of Progress 

Meanwhile, in the early 1960's scientists realized that 
laser beams offered a medium for delivering large amounts of 
energy in very short periods of time. This realization prompted 
the U.S. Atomic Energy Commission (AEC) in 1963 to fund laser 
fusion research. Initial calculations showed need for a high- 
energy laser, so emphasis was placed on developing a glass laser 
at Lawrence Livermore Laboratory; later, work was also begun on 
a carbon dioxide (gas) laser at Los Alamos Scientific Laboratory. 
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In 1968, the Soviet Union had a fusion breakthrough. 
They had achieved spectacular results in confining 
plasma with a new type of toroidal magnetic confinement 
device, called tokamak. The U.S. quickly jumped on 
the tokamak bandwagon and phased out the stellarators by 
converting them to tokamaks. The Americans verified the 
Russian experimental results and international interest 
in magnetic fusion rose dramatically. 



Shift in Management Strategy 



At the same time, there were changes in management of 
fusion research strategy. Initially, fusion R&D strategy 
was the result of individual laboratory directors promoting 
their own projects. This continued until the late 60 's 
when Amasa S. Bishop became the Washington director of the 
AEC fusion program. He set up a standing committee of 
government laboratory heads and outside physicists to 
oversee the program. Later, in the early 70's, when Robert 
L. Hirsch became the director of the Division of Fusion 
Energy within the AEC, strategy formulation moved even more 
from the laboratories to the Washington Office. 

Dr. Hirsch 1 s undergraduate degree is in Mechanical 
Engineering (University of Illinois, 1958) and his master's 
degree is in Nuclear Engineering (University of Michigan, 
1959) . He worked in various aspects of fission reactor 
research and development through mid-year 1960, when he 
decided to change his career direction and work in fusion 
power research and development. Accordingly, he returned 
to the University of Illinois and studied plasma physics, 
receiving his Ph.D. in 1964. From 1964 to 1968 he did 
experimental fusion plasma physics at the ITT Industiral 
Laboratories, and in 1968 he joined the Atomic Energy 
Commission as a staff physicist in the fusion program. 
In 1972 he was appointed director of the magnetic 
confinement fusion program. 

Hirsch set ambitious goals for the fusion program 
and fast-paced schedules to meet those goals. His main 
objective was to get a commercial fusion reactor as soon 
as possible. Hirsch constantly considered political factors 
in advancing fusion, because he believed an adequate federal 
fusion budget had to be in the 100' s of millions of dollars 
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annually, not in the 10* s of millions, as it was at that 
time. He believed fusion scientists and engineers had to 
set and meet specified milestones that would represent 
progress m the eyes of all those who viewed the program, 
including the politicans who authorize the money. 

As part of his program, Hirsch set a goal of scientific 
feasibility by 1980-82. To achieve this goal, it was pro- 
posed that a Tokamak Fusion Test Reactor (TFTR) be built to 
serve as a bridge between existing tokamaks and commerical 
reactor devices. It would also be the first tokamak to 
achieve scientific break-even, but this could be achieved 
only if it utilized deuterium tritium (D-T) for fuel. 

D-T or not D-T 

The scientific, political, and psychological arguments 
favoring the use of D-T fuel in TFTR are summarized below. 

Scientific : Burninq D-T would create new properties in 
the plasma. The very energetic helium nuclei produced by 
the fusion reaction would enter the plasma as a new component. 
Hirsch himself had used D-T in his work at ITT in the 60* s. 
Al<?o, other aspects of tokamak technology appeared to 
be well in hand with the exception of impurities control. 

Political : Using ordinary hydrogen as the fuel used by 
other tokamaks could only lead to a simulation of "equivalent 
break-even". That was too esoteric a result to convince 
Congress to support a vigorous fusion program. An experiment 

that lead to actual power production would be needed to 
demonstrate the viability of fusion. The feasibility 
experiment should use real radioactive fuel to convincingly 
demonstrate the potential of fusion as a commercial source 
of energy. 

Psychological : many scientists active in the fusion 
field are engaged in theoretical physics research. In 
order to achieve a working commercial reactor they had 
to start thinking in terms of a practical energy generator. 
A D-T experiment might do just that. 

The mam arguments against use of radioactive D-T fuel 
had to do with technical complexity. While this approach 
was a welcome challenge to the engineers, this was the 
type of experiment phyicists abhorred. It would no longer 
be a simple, flexible, and quick route from conception to 
data. Tremendous shielding requirements and wall sputtering, 
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all caused by intense neutron fluxes from the radioactive reaction 

had to be accounted for. because of inherent radiation, a very complex 
remote handling system would have to be developed. This would 
require a high degree of reliability once the D-T reaction was 
initiated. 

In addition, impurities still plagued all operating tokamaks 
and would probably nave more pronounced effects as temperatures 
increased. It was also believed that as the plasma was heated 
it would enter a collisionless regime and slip into "banana 
orbits" due to the magnetic field gradient between the inside 
and outside of tne torus. These orbits could increase 
energy losses through diffusion and heat conduction, but 
these latter problems would be just as likely to occur whether 
radioactive fuel was used or not. The question was 
whether scientists could handle these problems in addition 
to those unique to a radioactive fuel. 

Hirsch decided to go witn the use of the D-T fuel. 
When viewed in light of the present data available the 
TFTR design seems quite conservative. In fact, it will 
have to be upgraded in several areas to maximize its 
usefulness. Its total cost is expected to be $314 million. 
Break-even is expected sometime after 1983 with the TFTR 
now nearing completion at Princeton. 

President Carter De-emphasizes Fusion 

With arrival of the Carter Administration m January 
197 7. centralization of fusion energy decision making 
continued. Unfortunately for the fusion program the 
Carter Administration's energy policy called for an emphasis 
on solar and conservation projects. When tne Secretary 
of Energy noticed that the budget for fusion had grown 
rapidly in prior years, he asked for a review of the program. 
An Ad Hoc Experts Group chaired by Dr. John S. Foster of 
TRW, Inc. was created to conduct a review of the fusion 
energy program. This group recommended in June, 1978, that 
"Demonstration of scientific and technological feasibility 
should remain the near-term aim of the program. Its 
achievement should be a necessary, but not sufficient, step 
in the decision to proceed with the construction of an 
engineering prototype reactor." The group also observed that 
the program was moving along successfully, but should slow 
slightly to reduce program risk and allow alternatives 
to the tokamak to develop. 

Although the fusion budget dropped in real dollars in 
the first Carter budgets (FY 78 & 79), the reduction might 
well have been much greater without the endorsement of the 
Foster Report. 
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In April 1979, during hearings fQr the FY. 80 budget 
the House Science and Technology Committee learned about 
recent advances in fusion technology. The Administration, 
however, had chosen to limit the fusion program budget and 
the effect of the limitation was to push the target date 
for the first demonstration plant at least 10 years past the 
original target year of 2000. 

To Congressman Mike McCormack, then Chairman of the 
Subcommittee on Energy Research and Production of the House 
Science and Technology Committee, this delay seemed totally 
inappropriate. Representative McCormack, one of the few 
scientists serving in Congress, had both a professional and 
political interest in supporting nuclear energy projects. 
Mr. McCormack received his B.S. and M.S. degrees in Chemistry 
from the University of Toledo and Washington State University, 
respectively, and spent twenty years "as a 'research scientist at tne 
Hanford nuclear energy laboratories near Richland, Washington. 
He is a member of both the American Nuclear Society and 
the American Chemical Society and served on the Board of 
Directors of the American Association for the Advancement 
of Science. After serving in the Washington State Legislature 
for a decade, he was elected to Congress from a district 
whose constituency is highly dependent on activities at 
Hanford for the health of the local economy. 

Mr. McCormack ■ s interest in, and advocacy for , fusion 
energy development went back to the early 1970' s. Since that 
time, he and Bob Hirsch had worked closely in an unofficial 
partnership to advance the fusion cause. Thus, when the 
recent advances in fusion were juxtaposed against Carter's 
budget cuts for fusion, it seemed to McCormack that, although 
the operation was a success, the patient was still dying. 
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PART B: MIKE MCCORMACK TO THE RESCUE 



Laying The Groundwork 

In order to provide technical and industrial expert input 
to his subcommittee, Congressman McCormack established a 
Fusion Advisory Panel (FAP) chaired by Dr. Robert Hirsch, 
who had left government service in 1977 and was then with Exxon. 
That summer, FAP recommended the federal fusion program be 
accelerated to produce a demonstration plant by the year 
199 5. This, in turn, prompted McCormack to request 
that Undersecretary of Energy John Deutch draw up two 
accelerated plans that would lead to a demonstration 
plant on-line by 1995 and 2000. Deutch, in a Sept. 20 
response to McCormack, provided an analysis of these two 
accelerated schedules along with a "base" pace of the 
current funding level with a demonstration in the year 2010. 
But in his letter Deutch restated the Carter administration 
position that the fusion program should not be accelerated. 
This exchange of correspondence between Hirsch, McCormack 
and Deutch is reproduced in Exhibit B-l. 

In December 1979, the FAP was convened for a second 
time. During this meeting they reviewed the D0E f s response 
to the subcomittee 1 s request for accelerated schedules. 
Dr. Hirsch, FAP Chairman, appeared before the subcommittee 
on Dec. 11. Part of his testimony is reproduced as 
Exhibit B-2. Also appearing before the subcommittee on 
Dec. 11 was Mr. Edwin Kinter, Director of the Office of 
Fusion Energy in DOE. His prepared remarks and portions 
of the subsequent dialog between Mr. Kinter and Congressman 
McCormack are also reproduced in Exhibit B-2. Notice that 
the question of whether, and when, to build a fusion 
Engineering Test Facility (ETF) emerged as a focal point for 
differences between McCormack and the adminisistration. 

Legislative Action 

Congressman McCormack introduced H.R. 6308, The Fusion 
Energy Research, Development and Demonstration Act of 1980, 
on January 28, 1980. The stated purpose of McCormack 1 s 
bill was "to provide for an accelerated program of research 
and development of magnetic fusion energy technologies 
leading to the construction and successful operation of a 
magnetic fusion demonstration plant in the United States 
before the end of the twentieth century to be carried out 
by the Department of Energy. 11 Essentially what McCormack 
was saying was that if he couldn't persuade DOE to proceed 
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quickly with building the ETF, he would get Congress to 
pass a law requiring that the work get done. 

After additional hearings and input from FAP on the 
ETF (Exhibit B-3) , the Committee on Science and Technology 
reported a slightly modified version of H.R. 6308 to the 
floor of the House of Representatives. See Exhibit B-4 
for the text of the modified bill. On August 25, 1980, 
the House passed the bill by a vote of 365 to 7. 

In the meantime, in response to increased Congressional 
interest, DOE had charged its Energy Research Advisory Board 
(ERAB) with reviewing the magnetic fusion program. Three 
days after the House had approved McCormack's bill, the 
findings of ERAB 1 s Fusion Review Panel were submitted to 
DOE by the panel's chairman, S.J. Buchsbaum. While it 
generally supported accelerating the fusion program, the 
Buchsbaum report proposed construction of a Fusion Engineer- 
ing Device (FED) , a somewhat more modest undertaking than 
the ETF proposed by McCormack. Some recommendations from 
this report are reproduced as Exhibit B-5. 
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PART C: THE SENATE FOLLOWS SUIT 



The Senate's Technical Expert 

Meanwhile, on July 2, 1980, Senator Paul Tsongas had 
introduced similar legislation (S. 29 26, the "Magnetic Fusion 
Engineering Act of 1980"). This bill was drafted for Senator 
Tsongas by "Dr. Willis Smith, who worked for the Subcommittee 
on Engineering and Natural Resources. Dr. Smith had taken leave 
from his research position at Sandia Laboratories to join the 
Senate staff in 1974 after he was awarded an IEEE Congressional 
fellowship. After his one-year fellowship expired he worked 
for the House Science and Technology committee for 20 months 
and then returned to the staff of the Senate Energy and Natural 
Resources Committee. 

Dr. Smith was in a good position to assist Senator Tsongas 
in the drafting of S.29 26. In addition to his outstanding 
technical background, Will had visited all of the major fusion 
projects (including inertial confinement) within the last two 
years. He also had as background information the Foster report 
and the text and hearing record for H.R. 6308. In addition, 
Will had access to a draft of the Buchsbaum Report. 

S 2926 as introduced by Senator Tsongas was less aggressive 
than the House bill and more in line with the Buchsbaum Report 
recommendations. It included a continued call for a broadly- 
based program, uncommitted to any particular confinement scheme. 
The bill also refers to a FED, a somewhat less advanced device 
that the ETF provided for in the House bill. Two other sections 
in S.2926, one establishing advisory committees for oversight 
and the other establishing target dates, also represented a more 
cautious approach than H.R. 6308. 

The Senate Subcommittee on Eaergy Research and Development 
held hearings on July 28 and August 5, to get feedback on S.2926. 
Will Smith was present at all these hearings (he even conducted 
a.roundtable discussion during a recess in one of them) to 
determine what, if any changes should be made to improve the 
bill Portions of the hearing transcript are included in 
Exhibit C-1. This includes a discussion between Senator Tsongas 
and a technical expert, Dr. Stephen Dean, on the issues 
of the appropriate target dates and the advantages and 
disadvantages of the FED device vs. the ETF divine; a colloqy 
on the same subjects between Dr. Smith and a Danel of three 
technical experts; and two views on the appropriate form of an 
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advisory structure for the projects with a subsequent discussion 
of those points with Dr. Smith. 

The Senate subcommittee considered all these recommend- 
ations; the two major factors involved in deciding what 
changes to make were the desire to get the bill through the 
Congress and the ramifications of specifying the nature of 
the device to be designed (FED vs. ETF) . 

The Politics of Fusion 

The desire to push a fusion bill through before Congress 
adjourned for the fall elections resulted in some minor compromises 
in the Senate bill to make it more like the bill that had 
passed in the House. The sponsors of both bills wanted a 
single version that was agreeable to both houses, thus 
avoiding a conference committee to reconcile the differences. 
The establishment of a conference committee might delay 
final passage until the next Congress and neither Senator 
Tsongas nor Representative McCormack was willing to wait 
and perhaps risk rejection of the bill due to a shift in 
political sentiment after the 1980 elections. This, for 
example, was behind the compromise from the original S.2926 
target date of "the year 2005" to "the turn of the century", 
which is more in line with the House bill. 

With some amendments S.2926 was approved by the Committee 
on Energy and Natural Resources and reported to the Senate on 
September 15. On September 23, 1980, the amended S.2926 
was considered by the full Senate and its language was 
substituted for the wording of the pending House bill H.R. 
6308. So, in effect, the Senate Bill had just changed 
title, from S. 2926 to H.R. 6308, and passed in the Senate 
in that form. On the following day, after a brief discussion 
to clarify exactly what was happening, the bill H.R. 6308, 
containing the Senate wording was accepted by the House. 
On October 7, 1980, President Carter signed into law Public 
Law 96-386, the "Magnetic Fusion Engineering Act of 1980". 
The text of the law is included in Exhibit C-2. 
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This is one of a series of cases written to provide 
students with an opportunity to see how public policy 
decisions affect the engineering design process. This 
case focuses on the development of national policy goals 
for a major energy resource — fusion--and how that affects 
the scientific and engineering targets . 

There are several modes of using this case ; much is 
deliberately left to the instructor's choice. This 
increases the flexibility of the case use and allows its 
use in more than one type of course. There is more than 
enough technical material describing various technologies 
and devices that the case can be used as a prime resource 
in an advanced technical course for a survey of the fusion 
state of the art. Nonetheless, no matter what the instructor 
may choose to do with this case, the student who has gone 
through it should have some feel for the problems of defining 
and managing a major national research effort and the role of 
the technical community in the political process. In fact, 
the importance of political considerations to attainment of 
national scientific and engineering goals is probably the 
central lesson of this case. The student, as he or she reads 
through the case, will be struck by the constant intrusion 
of political considerations into the fusion effort. 

The questions that follow are designed to suggest possible 
assignments, projects, exam questions and topics for various 
aspects of this case. 



INTRODUCTION 

1. Describe several of the other possible fusion reactions 
and compare their characteristics with those of the 
D-T reaction. 

2. Compare the tokamaks , mirrors and the "bumpy torus" 
hybrid as fusion reactors. Write a memo explaining 
to a Congressperson which one should be pursued and 
why . 

PART A: A BRIEF HISTORY OF THE FUSION PROGRAM 

1. Some would argue that we would be much further along 
in the fusion programs if they had been the responsi- 
bility of engineers rather than scientists. The idea 
is that engineers solve problems, scientists study 
them. Do you agree with this statement? Do your 
physicist friends agree with it? How is this issue 
related to the "psychological reason" for choosing the 
D-T reaction? 
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2. Which is likely to be the "better" management style 

for the national fusion program decentralized in 

the national labs or centralized in Washington? What 
criteria would you use to evaluate "better" and might 

i they change from an early program to a more mature one? 

3 . Dr . Hirsch allowed several factors to influence the 
goals he established. How important were the politi- 
cal factors? Are the scientific reasons for selecting 
the D-T reaction good ones? 

PART B: MIKE MCCORMACK TO THE RESCUE 

1. Representative McCormack established an advisory 
panel to his subcommittee. What considerations do 
you think he used in selecting its members? If you 
were asked to serve, because of your technical exper- 
tise, and you had no prior strong feelings on the 
issues, would you feel that your role should be that 
of an objective analyst or that of an advocate for a 
particular viewpoint? 

2. Compare the membership of Congressman McCormack 1 s 
advisory panel to that of the "Buchsbaum" panel estab- 
lished by DOE. Does the difference in membership 
account for their different conclusions about pro- 
ceeding with the ETF device? 

3. In the eyes of some participants in the debate, the 
differences between the FED and the ETF were not 
significant ; to others the differences were never made 
clear. Study the BUchsbaum report and other background 
materials and prepare a snort briefing paper for your 
congressman explaining these differences. 

PART C: THE SENATE FOLLOWS SUIT 

1. Describe all the different ways in which technically 
trained individuals contributed to the passage of the 
legislation. Could you see yourself playing any, or 
all, of those roles? 

2. Analyze H.R. 6308 as introduced and as modified by 
committee, and compare it to S.2926 and P.L. 96-386, 
to see what happened to the proposed level of funding 
for this program as the legislation progressed. Follow 
up to see whether in fact this law has resulted in any 
additional money being spent for fusion programs. 

3. The emphasis on activities in the House of Representatives 
is on the activites of representative McCormack. The 
Senate activities focus on a staff member, Dr. Smith. 
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Is this typical of the difference between the House and 
Senate? Why might this be the case? What difference is 
this likely to make to the technical understanding evidenced 
in legislative activities? 

Read the Congressional Record and analyze the "debate" 
which actually occured on the House and Senate floors 
prior to passage. Why do you think there was no vocal 
opposition to the legislation? Without such opposition, 
what is the purpose of holding a "debate"? 



